INTRODUCTION
Oebalus poecilus (Dallas) (Hemiptera: Pentatomidae) is considered the most important rice pest in South and Central America (Sutherland & Baharally 2003) , feeding on its panicles, mainly in irrigated rice areas. In Brazil, it can be found in all rice producing regions (Ferreira 1999) . The damage caused by this bug is characterized by the presence 1. Trabalho recebido em mar./2009 e aceito para publicação em nov./2010 (n° registro: PAT 5677). 2. Empresa Brasileira de Pesquisa Agropecuária, Embrapa Arroz e Feijão, Santo Antônio de Goiás, GO, Brasil.
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The antifeedant and insecticidal effects of two commercial neem (Azadirachta indica) oil formulations (Dalneem and Nim-I-Go) to Oebalus poecilus were evaluated on irrigated rice. To evaluate the antifeedant effect, both formulations were tested at 1% and 2% (v/v) concentration levels. The insecticidal effect was evaluated at 0.5%, 1%, 2%, and 4% (v/v) concentrations of Dalneem, by ingestion. Both experiments were conducted with four replications by treatment, containing one panicle and adult insects segregated by gender (two insects per plot for the antifeedant effect and five for the insecticidal effect). Both products were efficient, reducing the damage caused by insects. Insects fed less on the panicles treated with neem oil, causing lower number of feeding sheaths per panicle and lower percentage of damaged grains than the control. Spikelets weight was higher in panicles treated with neem oils. Females caused significantly higher damage than males in controls, for numbers of feeding sheaths and for the feeding deterrence index. Only at the 4% (v/v) concentration level, Dalneem caused adult mortality higher than in the control. Results showed that neem oil formulations, at ≥ 1% (v/v) Quantitative damage, like weight reduction, for example, can occur when there is high infestation at the milky stage of grains (Ferreira 1999) . Differences in the damage caused by males and females were observed in another species of the O. pugnax genus (Bowling 1979 , Rashid et al. 2005 . Although many authors refer to differences in feeding intensity between males and females of some heteropteran species (Buntin et al. 1996 , Lacerda et al. 2004 , little is known about the behavior of O. poecilus males and females or how this could affect the management of this insect pest. Researches have been carried out to develop technologies for rice production with low use of agrochemicals, because this crop is a staple food for a large part of the world population (Macilwain 1999 , Huang et al. 2002 .
The neem tree (Azadirachta indica A. Juss) is one of the most studied plants with toxicity properties against insect pests and it is considered safe for human health and environment. Neem products activity persists on plants about four to seven days after its application (Ahmad et al. 1995 , Quintela & Pinheiro 2009 ), which means it presents fast degradation and, consequently, a low intoxication risk to mammalians and birds (Martinez 2002) .
Due to its several ways of action and the azadiracthin molecule complexity, insects are hardly selected by resistance to neem compounds (Martinez 2002) . These insecticides can be produced on the farm at a low cost and its residues do not remain on foods (Roel 2001) . Many studies refer to the efficiency of neem against some rice insect pests, reducing damages on plants, as insecticide, antifeedant, oviposition-deterrent, and repellent (Rajappan et al. 2000 , Dash et al. 2001 , Sankari & Narayanasamy 2007 . Additionally, some previous studies have shown that neem oil can cause antifeedant effects on heteropteran pests, as it was observed for Nezara viridula (Hemiptera: Pentatomidae) (Abudulai et al. 2003 , Mitchel et al. 2004 , Singha et al. 2007 ). However, the only report of the neem oil formulations effect to control O. poecilus was pointed out by Sutherland et al. (2002) . Those authors registered that crude neem kernel extracts and neem formulations commercialized in Guyana, at the recommended rates, had antifeedant effects on O. poecilus and that commercialized products were responsible for higher mortality levels of adults than the extracts. Nevertheless, in Brazil, most of the neem oils commercialized were not evaluated yet about their efficiency to reduce the populations of many important pests, like O. poecilus, for example, and so, there is not a recommended rate for these products to be used in the management of crop pests.
The objective of the present study was to determine the efficiency of two neem oils commercialized in Brazil as antifeedant against O. poecilus males and females on rice, under screenhouse conditions.
MATERIAL AND METHODS
Experiments were conducted at Embrapa Arroz e Feijão (16°28´00´´S, 49°17´00´´W, altitude 823 m), in Santo Antônio de Goiás, GO, Brazil, in 2002. Insects were obtained from the insect rearing maintained on rice plants, in a screenhouse. The commercial emulsions of neem oil Dalneem (Dalquim Ltda., Itajaí, Brazil) and Nim-I-Go (Agroecológica, Campinas, Brazil) were used in bioassays.
Three rice plants, cultivar BRS Formoso, were transplanted to each pot to keep plants green during the first bioassay. From these plants, one panicle was used per plot, after being isolated at the flowering stage, in cages manufactured using two-liters plastic bottles. To manufacture the cages, the bottles bottons were removed and covered by a nylon screen. At the grain filling stage, cages were removed and panicles in the same pot were sprayed with Dalneem or Nim-I-Go, diluted in distilled water at 1% or 2 % (v/v) concentration levels, with 500 mL of suspension, using a micro sprayer (Paasche airbrusch type H-set). Concentration levels tested in bioassays were determined by a previous screening test. The control plants were sprayed only with distilled water. Two hours after sprayed, panicles were already dry and then each panicle was covered with the same cage, where two O. poecilus adults (3-5 days old) were introduced, representing one replicate.
Treatments were arranged in a completely randomized design, with four replications, and each replication consisted of a different rice plot, in which only insects of the same gender (males or females) were introduced. Each treatment comprised of a combination of the three factors studied: neem products (Dalneem or Nim-I-Go), neem products concentration levels (1% or 2 % v/v concentrations), and insect gender (male or female). There were two controls: one with insects (segregated by gender) and another without insects. Dead insects were replaced daily, during one week. After that, insects were removed and panicles were maintained isolated in the cages, until harvesting. Counts of number of feeding sheaths per spikelet and damaged grains were made after immersing a 50-grains size sample in a 70% ethanol and 0.5% sodium hydroxide solution, during 24 hours, to visualize the grain scars. After that, samples were washed and evaluated under a slim layer of water in a white bottom tray. The number of spikelets per panicle were counted and the weight of 100 spikelets were evaluated using an analytical balance.
The second bioassay was carried out to evaluate the insecticidal activity of neem oil against O. poecilus, by ingestion. For that, three rice panicles were treated with 500 mL of Dalneem, at the 0.5%, 1%, 2%, and 4% (v/v) concentration levels, and placed into a Becker containing 500 mL of water, covered by a plastic cage (10 cm x 30 cm), using ten replicates per treatment. The control plants were sprayed only with distilled water. In every cage, five adult insects were introduced. Every two days, fresh panicles treated with neem oil, at the same concentration levels, replaced the old ones. Counts of dead insects were observed and registered daily, until the tenth day after spraying.
For the first experiment, data were submitted to a 2x2x2 factorial variance analysis, plus two controls. Factors were neem oil commercial products (Dalneem and Nim-I-Go), their concentration levels (1% and 2%), and insect gender (male or female). Spikelets weight and number of feeding sheaths were transformed using 1 + x . Percentages of damaged grains were transformed using arccosine 100 / x . For all variables, least-squares means were separated by using the PDIFF option of SAS, when significant (p < 0.05) F values were observed (GLM procedure of SAS) (SAS Institute 2002).
Feeding deterrence index (FDI) was calculated based on the number of feeding sheaths per spikelet, using the expression [(A -B)/(A + B)] x 100, where A = number of feeding sheaths on panicles treated with neem oils and B = number of feeding sheaths on positive controls (adapted from Fenemore 1980) . Values for index ranged from +100 for total stimulation, through 0 for no effect, to -100 for total deterrence. Feeding deterrence index means were compared to positive control using a t test (p < 0.01). For the second experiment, percentages of insect mortality were transformed using arccosine 100 / x and means were separated by using the PDIFF option of LSMEANS statement of SAS (SAS Institute 2002).
RESULTS AND DISCUSSION
Highly significant effects of neem oil and concentration factors were observed for the variable feeding sheaths of O. poecilus per spikelet (p < 0.0001) ( Table 1) . Insect gender had significant effect on spikelets weight (p < 0.0256) and percentage of damaged grains (p < 0.001). No significant interaction was observed between factors.
Neem oils significantly reduced the damage in rice grains, caused by O. poecilus males and females, in comparison with the positive control ( Table 2) . Quantitative damage was reduced in treated panicles, indicated by the higher spikelets weight from treated plants, when compared with untreated ones (positive control). In the treatments where rice plants were sprayed with neem oils and submitted to insect females infestation, the spikelets weight was three-fold higher than in the positive control with females. For males, the application of neem products resulted in twice the spikelets weight, in comparison with positive controls with males. There was no significant difference in spikelets weight between treated panicles and those which were held in the absence of insects (Table 2) . Both neem products significantly reduced the percentage of grains that were damaged by females, when compared with positive control (Table 2) , but no significant difference between formulations and concentrations was observed. Nevertheless, for males, only Nim-I-Go at the 2% concentration level showed a percentage of damaged grains significantly equal to the absence of insects. Sutherland et al. (2002) also observed that panicles treated with different formulations of azadirachtin, the main compound of neem oil, showed significant reduction on percentage of grains damaged by O. poecilus. However, those authors did not report which insect gender was tested in bioassays. In the present work, the number of feeding sheaths per spikelet were significantly lower in plants treated with neem oil, indicating that both males and females had fed less on treated panicles and, consequently, qualitative damage was also reduced ( Table 2) .
The 2% concentration level, for both neem products, was the most efficient to reduce the number of feeding sheaths for females (Table 2) . Nim-I-Go at 1% and 2% concentration levels presented the highest number of feeding sheaths per spikelet, for both males and females, when compared with Dalneem. The feeding deterrence index (FDI) for males was not significant, when compared with the control (Table 2 ). For females, the 2% concentration level of both products was responsible for a significant FDI, inhibiting female's activity.
Differences between the damage caused by males and females were observed only for damaged grains in panicles treated with Nim-I-Go and for the feeding deterrence index (FDI), for both products, always higher for females (Table 3 ). In the controls, females were also responsible for higher damages than males, for all variables analyzed. Females caused over twice the damaged grains than males (58% versus 22.5%), in the positive control (Table 3) . Similar results were reported by Rashid et al. (2005) , for O. pugnax, who registered that a higher percentage of females fed on different host plants than males, over an initial 24 hours period. The number of feeding sheaths left on treated panicles was similar for females and males, although, in controls, females left a higher number of feeding sheaths on panicles than males (Table 3) . Similarly, Bowling (1979) observed that females of O. pugnax produced twice the number of feeding sheaths than males, on rice. The spikelets weight showed no difference between males and females, for the treated panicles in the present work.
The FDI was higher for females, when compared with males, for both neem products (Table 3 ). This result was already expected, since females left significantly more feeding sheaths on panicles than males. As the damage caused by females on grains was higher than the one caused by males in the control, it is possible to predict that females feed more than males and, consequently, the first ones were strongly affected by the antifeedant effect of neem oils. The reduction in number of feeding sheaths and in percentage of damaged grains, plus the higher spikelet weight observed in treatments with neem, when compared to untreated plants, confirmed that neem oils had antifeedant effect on this insect. Singha et al. (2007) observed mouthpart deformations on another heteroptera, Nezara viridula (Linnaeus) (Hemiptera: Pentatomidae), after topical exposure to neem seed kernel extracts, although this still needs to be tested on O. poecilus. The antifeedant properties of neem oil can also happen due to its triterpenoids compounds, which act on the chemoreceptors of insects (Mordue & Blackwell 1993) . Neem oil triterpenoids like azadirone, nimbin, and salannin, for example, have strong antifeedant activity on insects, although some of these simple compounds can lack toxicity to some pests (Aerts & Mordue 1997) . However, azadiracthtin is an exception among the neem triterpenoids because, additionally to its antifeedant activity, its ingestion leads to deleterious effects on insects (Isman 2006) . Neem oil caused a significant adults mortality rate by ingestion (45%) only at the 4% concentration level (Figure 1) . Sutherland et al. (2002) also observed that only at higher concentrations neem oil products caused significant mortality rates by contact to O. poecilus. These authors evaluated the effect of three neem oil commercial formulations (Neemactin, Agroneem, and Neem-X) and a neem kernel extract, at 0%, 12.5%, 25%, 50%, and 100% of the recommended rates, and observed mortality levels around 35% and 40%, similar to the present study. These results indicated that neem oil can cause mortality of adults both by contact or ingestion, although the mortality rates were lower than those observed for other insect orders (Kavallieratos et al. 2007 , Venzon et al. 2007 .
The lower mortality rate observed in this study is probably because adults are less susceptible to neem oil than nymphs. Several authors observed that neem oil cause high mortality rates in nymphal stages of many insect species (Kumar & Poehling 2006 , Nathan et al. 2006 , Sankari & Narayanasamy 2007 , but not always in the adult stage. Ma et al. (2005) did not observe lethal effect of neem oil extracts against adults of Leptocorisa chinensis (Dallas) (Hemiptera: Alydidae), an important rice bug in Asia. This probably occurs because neem acts as a growth regulator on nymphs, preventing their development to the adult stage. Nathan et al. (2007) observed that in sub-lethal concentrations, neem could cause deformations in the planthopper Nilaparvata lugens (Stål) (Hemiptera: Delphacidae) nymphs. However, high concentrations of neem are indispensable to cause high mortality rates, in accordance with those authors. Kavallieratos et al. (2007) also observed that only at high rates and longer exposure times the neem oil had insecticidal effect against Sitophilus oryzae (Linnaeus) (Coleoptera: Curculionidae) and Tribolium confusum (Jacquelin du. Val) (Coleoptera: 2 Feeding deterrence index (FDI) was calculated based on number of feeding sheaths per spikelet, using the expression [(A -B)/(A + B)] x 100, where A = number of feeding sheaths on panicles treated with neem oils and B = number of feeding sheaths on positive controls (adapted from Fenemore 1980) . Index values ranged from +100 for total stimulation, through 0 for no effect, to -100 for total deterrence. Tenebrionidae), which is not viable due to cost reasons. In the present study, no phytotoxic effect of neem was observed on rice plants.
Because of the mixture of compounds present in the neem oil, in which azadirachtin is abundant, there is a low probability of the insects being selected for resistance (Mordue & Nisbet 2000) . Therefore, neem oil may be used to protect the crop in critical stages, like the seed-filling stage of rice grains, when this insect can cause severe damage, thus avoiding insect resistance selection. The use of neem oil is considered safe for the environmental and human health and did not cause mortality to natural enemies of rice pests, according to Raguraman & Rajasekaran (1996) and Dash et al. (2001) . However, Price & Schuster (1991) and Raguraman & Singh (1999) observed that neem reduces the oviposition in some parasitoid species. Raguraman & Singh (1999) , for example, observed that neem extract applied on Corcyra cephalonica (Lepidoptera: Pyralidae) eggs, at concentration levels between 0.3% and 5%, caused inhibition effect to the Trichogramma chilonis (Hymenoptera: Trichogrammatidae) oviposition. These results point out that, as any other chemical product with insecticidal properties, neem should be cautiously used, and only when strictly necessary.
Combined with other practices, like avoiding successive rice plantings in nearby areas, keeping the area free of weed species, mainly the host plant of this insect pest, destroying plant remains after harvest and choosing short cycle cultivars, the use of neem oil may be the key to obtain an eco-friendly rice production system. 
